but at the age of 5 or 6 years they have improved immensely; that is because, at the later period, the child lives a more independent life, has a greater variety of diet, and there is a more vigorous growth. The mother's milk is probably affected by hypothyroidism, and there is a lack of some internal secretion there. The second speaker (Dr. Sim Wallace) has himself laid down no very definite ideas as to the causation of decay in teeth. I did not say hypoplasia was absent in the temporary teeth; it is markedly present in those teeth. After all, it is only a certain proportion of the enamel of temporary toeth which is laid down at the time of birth. With regard to hypoplastic teeth being sound, that is not reasonable; the good defence of teeth is to have the enamel efficiently laid down. There are various forms of hypoplasia. There are the transverse bands, generally as the result of illness; there is the projecting dentine and thin layer of enamel, and there are the honeycombed and pitted teeth. Dr. Sim Wallace said 7 per cent. showed hypoplasia; I gave about 10 per cent. of all school children showing hypoplasia.
THE case of rickets which I show this afternoon is brought before the Section for the purpose of illustrating the good results which can follow when the treatment is based in accordance with certain principles which I venture briefly to outline.
In accordance with the view of the pathogenesis of rickets which I suggest, the symptoms usually ascribed to the condition may be regarded as representing the results of the calling into play, by the victims of the disease, certain protective mechanisms. The troubles from which they protect the organism, in the case of rickets, are those which arise in connexion with the disposal of an excess of nutritive material.
In order that an individual may remain in health, sufficient food-material must be provided for the maintenance of the normal temperature, for the performance of such mechanical work as may be required for the ordinary purposes of life, as well as for growth and maintenance of the tissues, and also for the elaboration of secretio-ns. If the total calorie value of the food exceeds these requirements, it follows that the excess must be disposed of in some manner which, inasmuch as it does not subserve any required or necessary purpose, may be regarded as pathological. Recognizing the strictly conservative character of the organic reactions in the animal body, we may assume that under any given circumstances the method of disposal adopted will be that which will inflict the least possible degree of injury on the organism as a whole.
By what methods can excess of food be disposed of ? There are many alternative methods, of which the following are examliples: Classified in order of physiological advantage we may assume that the most econonmical expedient is to store up the excess in the form of a food reserve--for instance, as glycogen or fat. The limits of storageespecially as far as the fixation of nitrogen is concerned-are, however, under all conditions extremriely circumscribed, and occasionall quite negligible.
A second method is that of combustion or oxidation to the normal end-products, carbonic acid gas, urea, and water. This method is economical in that it entails little strain on the mechanisms of elimination; on the other hand, it implies a waste of energy in certain other directions, as, for instance, in the dissipation of the heat produced and in the supply of the necessary oxygen.
A third alternative depends on the short-circuiting of the oxidation processes, in fact, on the production of incompletely burnt-up products of combustion. This method has the advantage of saving oxygen and of limiting heat production, but the disadvantage of flooding the blood with acid bodies of large molecular size. I mean such bodies as lactic oxalic, uric, glycuronic, di-acetic, /8-oxybutyric, and certain other organic acids. Such acid bodies are not allowed to remain in the blood without neutralization, for acid reactions are fatal to cell activities; hence they are neutralized almost before they are formed at the expense of alkalies or basic elements derived from the floating reserves or from the tissues themselves. After neutralization such bodies are, of course, remloved from the systemn by the ordinary processes of elimination. In this way the reserves of carbonates in the blood are drawn upon, ammonia is extracted from protein sources, while calcium, sodiun, magnesium, and iron are withdrawn or withheld from various important organic combinations.
Section. for the IStudy of Disease in Children
The injuries inflicted on the organism by this method of disposal are those which are commonly covered by the comprehensive term " acidosis." The symptoms by which we recognize an acidosis are as follows: In serious cases we observe "acyanotic hyperpncea " due to the depletion of carbonic acid carriers and concomitant stimulation of the respiratory centres; there may be serious cyclic vomiting, possibly due to an associated stimulation of the pneumogastric centres, as well as a great variety of nervous symptoms dependent on analogous causes. Among the more chronic results are disintegration of the red blood corpuscles, interference with the oxygen-combining powers of hamoglobin, and the demineralization of the osseous tissues. One of the most interesting results of the hemolytic disturbances thus set ulp is the compensatory activity of the blood-forming organs; the ha3mogenetic functions of the red marrow being stimulated in a corresponding degree, the external evidences of this functional and conmpensatory activity are the enlarged epiphyses of long bones so common in rickety conditions.
The resources at the disposal of the organism for dealing with excess of nutritive material are by no means exhausted by the methods already enumerated, but they represent the most important and include among their results the symptonms which are generally regarded as making up the clinical picture of rickets. In any particular case of rickets it is impossible to predict what precise method or combination of methods will be adopted to dispose of the excess, and herein lies the protean character of the symptoms of the disease. But however much they may be disguised or obscured, or however incompletely we may be able to follow the intermediate stages, we may feel perfectly confident that in the final issue the metabolic processes will follow the rule of physiological expediency, obey the laws of the conservation of energy, and conform to the economic necessities of supply and demand. The fulfilment of these laws and conditions must result in the manifestation of the kind of symptoms I have described, which make up the clinical picture of rickets.
If this theory of rickets is true,-as I firmly believe, it is necessary to prove that in every case of rickets there is some excess of food, otherwise the acidosis and the other manifestations of the disease cannot be explained on the lines suggested. If by " excess we simply mean "excess" in the popular interpretation of the term, and as estimated by the usual arbitary standards, it must be admitted that the theory falls to the ground. But if by the term we mean " relative excess "that is to say, a redundancy over and above that which is required for the physiological purposes-then I submit that the theory holds good in every detail. I mention this because most people appear to think that rickets is due to some deficiency in the food and not to excess.
The physiological food demands of many infants and children are negligble. If they are kept in hot, stuffy rooms, if they are wrapped up in multiplicity of clothes, if they are seldom taken out of doors, and if they are given no opportunities for muscular exercise, they will create no demand for food, and consequently any dietary, however small, may be relatively excessive, and if excessive must be disposed of by one of the protective methods already described. These are the usual conditions which surround the victims of rickets. Under such conditions we could predict with complete confidence that the child would, if he could, lay up stores of glycogen and fat and become obese; that he would show evidence first of excessive combustion by sweating and vascular dilatation of the superficial capillaries of the face and other exposed parts and possibly by disturbances of the heat-regulating centres, and then of suboxidation with the symptoms of an acidosis, with enlarged epiphyses and demineralization of bone; and finally of acyanotic hyperpnoea with other serious nervous manifestations. I have for many years treated all cases of rickets on the assumption that this is the true pathogenesis of the disease, but I have selected this particular case to show because it has responded peculiarly well to the expedients which such an assumption suggests.
The following is a short history of the case:- Previous history: Very small at birth, weight not recorded. Ophthalmia neonatorum. Child always delicate. Easily caught cold; has had cough on and off since birth: severe attack of bronchitis two months before admission.
Feeding: Breast-fed four or five months, then Nestle's milk and barley water; then goat's milk, and finally Glaxo. Solid food given at the age of nine to ten months. Recently, before admission, had cow's milk, gravy, potatoes, cream, eggs, bread and milk-altogether a very liberal dietary.
Patient has never had diarrhcea nor vomiting: bowels have been fairly regular; motions normal. At about the age of 6 months mother noticed the back was becoming greatly curved, the curvature increasing. The child was not nursed much, but was allowed to lie at full length on her back in a perambulator which was long enough for the purpose. At the age of 1 year the child began to say a few words, and to make attempts at taking steps if held, but has never stood alone. The legs have always appeared strange."
Condition on admission: Child markedly anamic and flabby, lies absolutely motionless with legs fully extended; makes no effort to move, and cannot be made to turn over or use legs by any ordinary method of stimulation. Patient has been kept on her back for some months owing to spinal curvature. The bones show rickety changes in marked degree. Fontanelles not closed, bossing of frontals, marked Harrison's groove, marked curvature of humerus and femur; some bulging of the temporal bones just above the ear. Marked kyphosis in lower dorsal and lumbar region with considerable prominence of spinous processes. All epiphyses of long bones greatly enlarged and well-defined rickety rosary. There was no tenderness of spine, no rigidity, and apparently no pain in jarring. Heart small and flabby in action. Abdomen pot-bellied. Lungs: No obvious physical signs.
Pathological report: Urine acid; small deposit on centrifugalizing, consisting of starch, granular and bladder epithelium, numerous Gram-negative motile bacilli; no pus. Blood: red blood corpuscles, 3,640,000 per cubic millimetre; white blood corpuscles, 12,400 per cubic millimetre; hbemoglobin, 40 per cent.; colour index, 0 55 per cent. Differential count-lymphocytes, 62 per cent.; polymorphs, 37 per cent.; eosinophiles, 1 per cent. No alteration in size or shape of red blood corpuscles. No nucleated forms. Wassermann test negative.
X-ray report: Spine All the bones appear poorly mineralized. No indication of tuberculous deposits in spinal vertebrae; all epiphyseal liines irregular. Progress of the case in hospital: The general condition of the child shows enormous improvement since admission. The temperature, however, has never been steady, but has fluctuated daily between 1010 F. and 98°F. The pulse fluctuatesrate between 116 and 130.
The weight on admission was days with high temperature, due to an infection (influenza) which attacked most of the children in the same ward. The general course of the complaint suggests that in addition to the very marked symptoms of rickets there is an 'inderlying tuberculous process. But the fact that this serious complication has not interfered with the general improvement of the typical rickety symptoms only strengthens the view of the pathogenesis of rickets which I have sketched. The treatment since admission has been based on the assumption that the marked and typical rachitic symptoms have been caused by a relative excess of food, which has called into play certain protective mechanisms, which have brought about a short-circuiting of the oxidation processes and the production of an acidosis. The acidosis has led to an annemia and the organism has attempted to counteract this by compensatory over-activity of the haemogenetic centres in the long bones. Hence the great enlargement of the epiphyses of the long bones. The acid toxtemia has further led to the paresis of muscles, the general debility and the demineralization of the bones. The kyphosis is probably postural. Previous to admission the child had been treated by liberality of diet and enforced rest in the recumbent position on the assumption that the spinal curvature was of a tuberculous character, and hence all the conditions were provided for establishing a " vicious circle " of relative overfeeding. Since admission the treatment has been to create a demand for food by massage, resistance exercises, cold douches, and, as far as conditions in hospital allow, by open-air treatment. The acidosis has been specifically treated by the exhibition of large doses of alkalies, but the alkali tolerance has been very high, and the urine has rarely been alkaline in spite of the alkali administration. The presence of the Gram-negative motile bacilli in the urine may be explained by its acid reaction. To compensate for the aneemia carbonate of iron has been given, and phosphorated cod-liver oil (1 in 10,000) bas been supplied with the view of building up the damaged nervous system. The diet has been simply of milk, restricted in quantity.
The general result has been that, although the child has lost weight owing to the muscular exercise and loss of fat, the general condition has improved immensely.
I cannot help thinking that the general improvement of the rickety symptoms under this line of treatment, in spite of some underlying condition of an infective and probably tuberculous character, proves that the hypothesis is correct and that the pathogenesis of the rickety condition in this case at least, and probably in all cases, is due to causes which may be explained in accordance with the views I have ventured to express.
DISCUSSION.
Dr. WALTER CARR: Dr. Pritchard says that the child suffered from a, spinal curvature which was erroneously diagnosed as spinal caries, that she was consequently kept for some time absolutely at rest, that during that time she was relatively over-fed and as a result developed severe rickets. Surely, however, the spinal curvature is to be regarded as a definite symptom of welldeveloped rickets ? and if so, the disease must have been present for some time before the rest treatment, which Dr. Pritchard regards as having caused it, was even commenced. Furthermore, I note that the patient was the fifteenth child, and that her immediate predecessor was only ten months older. I wonder if Dr. Pritchard regards these facts as of any importance, and especially whether, under such circumstances, it is likely that she was ever even relatively over-fed?
Professor ADAMI: Let me confess that thus far I have learnt to distrust absolutely any theory of rickets that has come before me, and to regard the disease as one of the hopelessnesses of pathology, and let me admit that in the paper which we have just heard, at least there is a reasoned course of thought on the part of Dr. Pritchard. Everyone knows how difficult it is to discuss on first hearing any new line of thought and inquiry. I cannot go so far as to accept immediately and unreservedly what Dr. Pritchard has told us, but would say that he has brought forward some points of extraordinary interest. His suggestion, for example, that the swelling in the region of the epiphyses is compensatory, due to the need for increased production, not of bony elements proper, but of the blood-forming constituents of the marrow, well deserves consideration, while I am prepared to go very far with him in finding a connexion between acidosis and rickets and to see in acidosis an explanation of the using up of calcium and other minerals of the body to supply bases which act as an antidote thereto. That finally, acting along the lines of this theory of causation, as due to relative excess of nutrition sand I would place emphasis on the word " relative "), Dr. Pritchard is able to bring before the Section a case showing notable improvement, entitles his contentions to respect; the theory must not be put aside without consideration.
Dr. ERIC PRITCHARD (in reply): I did not expect I should be able to convert the greater number of members of this Section to a revolutionary view on first hearing. The inference I hoped would be drawn was that the term "rickets" is a very unsatisfactory one, and the very protean nature of the symptoms suggests the unsuitableness of the term. There is every variety of symptom produced by one or other of the many protective mechanisms which are called into play. One cannot say, in any given case, what will be the line of least physiological resistance, the most expedient line for the Ju-2b organism to follow. One feels that the organism is so magnificently conservative that in each case of relative over-feeding it will take its own best line: it may be one of acidosis, of storage, or of oxidation of food. There are cases of rickets in which the food is completely oxidized and the child displays much heat production: it is red about the cheeks and has sweating of the head. In others there are acidosis and poisoning, with nervous symptoms. One can never say when an acidosis is going to ensue, though one knows it generally does occur.
